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a  b  s  t  r  a  c  t

Domestic  ducks  play  an important  role  in  the  epidemiology  of  H5N1  highly  pathogenic  avian  influenza
(HPAI)  viruses.  Consequently,  successful  control  of  H5N1  HPAI  in  ducks  is important  for  the  eradica-
tion  of  the  disease  in  poultry  and  in preventing  infections  in  humans.  Domestic  ducks,  however,  include
different  species  and  breeds,  and  the  susceptibility  to infection,  disease  and  response  to vaccination
can  vary  depending  on the species  and  age  of the bird.  Most  domestic  duck  species  are descendants  of
mallard  ducks  (Anas  platyrhynchos),  but in  Asian  countries  Muscovy  ducks  (Cairina  moschata)  are  also
commonly  farmed.  Current  vaccines  and  vaccination  practices  are  insufficient  for  the  control  of  H5N1
HPAI  virus  infections  in  domestic  waterfowl  and  new  vaccination  strategies  are  needed.  Although  vac-

cination  has  proven  effective  in protecting  ducks  against  disease,  shedding  of  the  virus  still  occurs  in
clinically  healthy  vaccinated  populations.  To  improve  protection  of  ducks  against  H5N1  HPAI,  vaccination
programs  must  take  into  account  the  susceptibility  of  ducks  to circulating  viruses  and  the particular  pro-
duction  systems  and  husbandry  practices  of  the country.  Vaccination  needs  to be  implemented  as  part  of a
comprehensive  control  strategy  that  also  includes  biosecurity,  surveillance,  education  and  elimination  of
infected poultry.
Published by Elsevier B.V.
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1. Background on control of H5N1 HPAI in domestic ducks

Waterfowl are one of the principal natural reservoirs of avian
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

influenza (AI) viruses (Stallknecht, 2008; Swayne and Halvorson,
2008; Webster et al., 1992). Historically, ducks naturally or experi-
mentally infected with most AI viruses, including highly pathogenic
avian influenza (HPAI) viruses, only develop subclinical to mild

dx.doi.org/10.1016/j.virusres.2013.07.012
dx.doi.org/10.1016/j.virusres.2013.07.012
http://www.sciencedirect.com/science/journal/01681702
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isease (Alexander et al., 1986; Cooley et al., 1989; Perkins and
wayne, 2002; Shortridge et al., 1998). This premise has dramati-
ally changed since 2002, as many Asian lineage H5N1 HPAI viruses
ave been shown to replicate systemically and produce mortal-

ty in ducks [reviewed in Pantin-Jackwood and Swayne, 2009]
Bingham et al., 2009; Guionie et al., 2010; Pfeiffer et al., 2009;
huong do et al., 2011; Tang et al., 2009). The age and species of
he ducks also affects the outcome of the infection, with younger
ucks and some species, like Muscovy ducks, being more likely to
how clinical signs (Brown et al., 2006; Cagle et al., 2011; Londt
t al., 2010; Pantin-Jackwood et al., 2007, 2012; Phuong do et al.,
011). Host immune responses certainly play a role in the dif-
erences observed in pathogenicity; however, not much is known
bout the immune response of ducks to AI virus infection (Magor,
011). The differences observed in pathogenicity of H5N1 HPAI
iruses in domestic ducks has implications in surveillance and con-
rol of the disease, as asymptomatic or mildly symptomatic infected
ucks are difficult to recognize and can spread the virus to other
usceptible poultry and threaten human health. The inability to
se clinical disease as an indication of infection status allows the
nrestricted movement of viral carriers, interferes with disease
ontrol, and promotes skepticism among farmers about the disease
hreat.

Although asymptomatically infected wild migratory ducks are
uspected of contributing to the spread of H5N1 HPAI viruses from
sia to other parts of the world (Cattoli et al., 2009; Keawcharoen
t al., 2008; Kim et al., 2009), domestic ducks are more likely per-
etuating H5N1 HPAI viruses in nature (Hulse-Post et al., 2005;
im et al., 2009; Sturm-Ramirez et al., 2005). Free-range, as well as
ackyard domestic ducks have been associated with disseminating
5N1 HPAI viruses (Gilbert et al., 2006; Henning et al., 2010; Kim
t al., 2009; Songserm et al., 2006). Domestic ducks are often farmed
n open fields, flooded rice paddies, or on ponds or other bodies of

ater. In countries with huge domestic duck populations, such as
hina, Vietnam and Indonesia, duck farming is closely integrated
ith rice production where ducks consume unharvested grain and

ertilize fields as part of the scavenging process that ultimately pro-
ides both increased food and income for the farmer (James et al.,
008). Domestic ducks on smallholder farms are allowed to scav-
nge freely for food during the day around houses, in the villages
r on rice paddies, with duck owners supplying little or no feed
Chen, 2009). This type of farming practice offers little opportunity
or biosecurity and allows direct exposure to other village poultry
nd to wild birds that may  introduce or spread virus to other farms.
uck flocks may  also be moved long distances through a region as
art of the scavenging process or on the way to markets which pro-
ides opportunities for further dissemination of H5N1 HPAI viruses
Henning et al., 2010, 2013).

Considering the widespread infection of waterfowl with H5N1
PAI viruses in certain parts of the world, reducing the risk of virus

nfection in domestic ducks is essential for controlling the spread
f the H5N1 HPAI (Beato et al., 2007; Chen et al., 2004; Hulse-Post
t al., 2005; Li et al., 2004; Swayne, 2006). Biosecurity is a critical
ool in the control H5N1 HPAI and can help prevent the spread of
nfluenza viruses from wild to domestic ducks and vice versa; how-
ver, it is not easy to implement in certain types of farming (Beato
t al., 2007). Ducks raised in closed high-biosecurity systems in
hailand were shown to be protected from infection in locations
here H5N1 HPAI viruses were actively circulating among back-

ard ducks, open house ducks, and grazing ducks (Songserm et al.,
006). Live poultry markets (wet markets) have also been identified
s an epidemiologic risk factor of infection (Webster, 2004). In the
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013),  http://dx.doi.org/10.1016/j.virusres.2013.07.012

ong Kong wet markets, the ban on ducks, geese, and later, quail,
ogether with improved biosecurity (clean days), markedly reduced
he influenza virus diversity (Peiris et al., 2007). In China, the pre-
ominance of live-bird marketing and the lack of segregation of
 PRESS
us Research xxx (2013) xxx– xxx

species probably increased the chance of spread of H5N1 HPAI
viruses to other poultry and humans. This has been reduced to some
extent through the use of vaccination and through segregation of
terrestrial and aquatic birds in markets and during transportation
(FAO, 2013).

The pathogenesis of AI virus infections in ducks is dependent on
the strain of virus. The natural occurring low pathogenic endemic
viruses are typically enterotropic with shedding primarily through
feces. However, when waterfowl viruses jump to and become
adapted in gallinaceous species, the virus typically changes to be
more respiratory-tropic with much smaller amounts of detectable
virus in feces. When these “chicken” adapted viruses infect ducks,
the virus typically retains the respiratory-tropic replication pattern
(Guo et al., 2000; Spackman et al., 2010). The Asian lineage H5N1
virus is a “chicken” adapted virus, and infected ducks have high
virus replication in the lungs and upper respiratory tract. However,
the method of transmission between ducks and from ducks to other
species is not clearly understood. Because of the typical aquatic
environment, virus shed in feces, oral secretions, and even from
feather follicles, can all contribute to contamination of the environ-
ment or direct infection. Studies under sterile laboratory conditions
have shown that AI viruses can remain infective in water for long
periods of time (up to several months at 17 ◦C), but persistence
varies depending on the virus and the chemical and physical con-
ditions of the water (pH, salinity, and temperature) (Brown et al.,
2007; Lebarbenchon et al., 2011; Stallknecht et al., 1990a, 1990b).
The duration of infection and virus shedding on a flock basis in
ducks under field conditions is not known and will depend on the
rate of introduction of susceptible birds to the flock and the dura-
tion of immunity in individual ducks following natural exposure
(Sims, 2012).

2. Use of vaccination to control H5N1 HPAI in domestic
ducks

When biosecurity measures are impractical to enforce, vacci-
nation is one of the few control tools available to help protect
ducks against H5N1 HPAI. However, many factors are involved in
the effective immunization of poultry for avian influenza, and rela-
tively little information is available on vaccination in domestic duck
species. In countries with large duck populations and persistent
H5N1 HPAI, vaccines are being used as a tool in control programs
in domestic ducks as well as other commercial and backyard poul-
try. On a flock basis, vaccination can help break the infectious cycle
in combination with vigilant monitoring and strong biosecurity
measures (Swayne, 2003), and has been shown to increase resis-
tance to field challenge and to reduce virus shedding (Ellis et al.,
2004; Swayne et al., 2001, 2006). Many studies done in domestic
ducks indicate that vaccination can be successful in preventing clin-
ical disease and reducing virus shedding (see Section 2.3), but the
extent and quality of the immune response depends on the vaccine
and vaccination strategy used.

In the field, the majority of the vaccines used in domestic ducks
have been oil-emulsion inactivated vaccines, produced using low
pathogenic avian influenza viruses that are naturally occurring or
are produced by reverse genetics. A complete review of the vac-
cines used to protect poultry against H5N1 HPAI and information
on the usage of H5N1 vaccines in ducks in different countries can
be found elsewhere (Spackman and Swayne, 2013; Swayne et al.,
2011). Vaccination of ducks and other poultry is practiced in small
commercial farms, villages and households, but flock health and
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

vaccination records are poor. Therefore, improved surveillance sys-
tems are needed to determine the immune status of vaccinated
duck flocks and to ensure that H5N1 HPAI viruses do not continue
to circulate within flocks. The difficulty of adequately vaccinating

dx.doi.org/10.1016/j.virusres.2013.07.012
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ufficient number of ducks to maintain “herd immunity” is a huge
bstacle in the control of H5N1 HPAI. The logistics of vaccinating
ucks when they are not confined in a biosecure location com-
ounds the problem because individual ducks are not uniquely

dentified. The countries with large duck populations are gener-
lly poor and with weak public infrastructure, so the inability to
et enough high quality vaccine, maintain the cold chain, and have
killed veterinary technicians to administer the vaccine are also
oadblocks to successful vaccination programs. In China, where up
o four billion ducks are reared annually, often in open fields with no
iosecurity measures, vaccination coverage against H5N1 HPAI is
oor, and therefore huge numbers of ducks remain susceptible and
erve as reservoirs and disseminators of H5N1 HPAI viruses (Qian
t al., 2012). Layer and breeder ducks are vaccinated when they
re young, but adult ducks do not receive the required booster vac-
ination. Waterfowl raised for meat consumption are usually not
accinated because of their short lifespan. Consequently practical
mplementation of vaccination may  be impaired because vaccina-
ion coverage may  never reach all of the susceptible birds (Chen,
009).

In addition, H5N1 HPAI viruses continue to undergo antigenic
rift while circulating in nature. Thus, vaccines need to be updated
o match the circulating and emerging strains of H5N1 HPAI viruses.
ontinuous new outbreaks emphasize the need for a compre-
ensive waterfowl vaccination strategy and the development of
aterfowl-specific efficient vaccines (Peyre et al., 2009).

.1. Determining vaccine efficacy in ducks

In a successful vaccination program, the vaccine must protect
he vaccinated animals against clinical signs of the disease and pre-
ent mortality; reduce virus shedding into the environment; and
ncrease the minimum dose of virus required to infect a bird, there-
ore limiting contact infection and spread of the disease (Peyre
t al., 2009). Immunological principles for AI vaccine protection
ave been reviewed elsewhere (Suarez and Schultz-Cherry, 2000;
wayne and Kapzcynski, 2008). Protection against AI is mostly con-
erred by the production of antibodies against the hemagglutinin
HA) viral protein. Therefore, the level of seroconversion and titers
n terms of anti-HA antibodies, measured by the hemagglutination
nhibition (HI) test, is the most commonly used method to evaluate
accine efficacy (OIE, 2012). Although differences in HI titers can be
bserved between vaccines and bird species, most vaccines confer
igh levels of protection against clinical signs and mortality (Peyre
t al., 2009). However, the association between serological titers
nd protection against viral challenge is not so clear for vaccines in
ucks. For example, ducks vaccinated with low antigen doses of a
ecombinant vaccine did not produce detectable HI antibody titers
ut were fully protected against a lethal challenge with a H5N1
PAI virus (Webster et al., 2006), indicating that titers above a cer-

ain threshold are predictive of protection, but are not predictive
elow this threshold (Spackman and Swayne, 2013).

An additional concern is the limited protection that can occur
ith vaccines heterologous to the challenge virus. Most commer-

ial AI vaccines are able to confer 100% protection against experi-
ental challenge with homologous viruses and offer some level of

ross-protection against heterologous strains of the same subtype.
evertheless, discrepancies in viral shedding (cloacal and tracheal)
ave been linked to genetic differences between the vaccine and
hallenge virus strains (Peyre et al., 2009). Studies in chickens have
emonstrated a direct correlation between the HA sequence sim-
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013), http://dx.doi.org/10.1016/j.virusres.2013.07.012

larity of the vaccine and challenge viruses and the ability of the
accine to reduce tracheal shedding (Swayne et al., 2000). Simi-
ar results were seen in ducks and geese when using a single dose
f killed oil adjuvanted vaccine, where the homologous vaccine
 PRESS
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significantly reduced virus shedding compared to the heterologous
vaccines (Eggert and Swayne, 2010; Pfeiffer et al., 2010). How-
ever, differences in immune response to AI vaccination have been
reported between chickens and ducks (Magor, 2011). Vaccination
of ducks with reverse-genetics engineered inactivated oil emulsion
vaccine, while efficacious, required larger doses and a second boost
of vaccine in comparison to chickens (Tian et al., 2005). Vaccination
comparisons of chickens and ducks with an inactivated oil emulsion
vaccine show chickens have a much more robust antibody response
to the vaccine than naïve ducks (Webster et al., 2006). Although the
ducks were protected from death and disease signs, the challenge
H5N1 virus did replicate in the vaccinated ducks. The reasons for the
weaker immune response of ducks are not clear, but immunoglob-
ulin structure and function might provide some genetic clues to
their distinct humoral immune response (Magor, 2011).

Evaluation of vaccine efficacy differs greatly from the labo-
ratory to the field setting, with laboratory vaccination studies
often providing excellent protection that contrasts with poor
protection in the field. These differences can be attributed to
many causes including variations in the immune status of the
vaccinated birds (immunosuppressive conditions and concurrent
diseases), maternal immunity, genetic factors, husbandry condi-
tions (environmental stress), and technical issues related to vaccine
administration in the field. Limited field trial data is available so far
and international and/or national authorities should ensure that
new vaccine formulations are being validated in field pilot studies
prior to routine use in mass vaccination campaigns (Peyre et al.,
2009). Almost no field studies are performed on efficacy of vac-
cination in ducks, with the expectation that studies performed in
chickens will translate to other species. However, that assumption
is likely incorrect because of differences in the immune responses
between these two  species. The importance of using vaccination
protocols specifically designed for domestic ducks was demon-
strated during a vaccination survey in northern Vietnam, in which
the need to increase vaccination doses to induce protective immune
response in this species was  shown (Capua and Cattoli, 2013;
Desvaux et al., 2012b).

2.2. Evaluation of vaccine performance in the field

2.2.1. Post-vaccination surveillance
To improve control of H5N1 HPAI, vaccination programs should

incorporate post-vaccination surveillance strategies to determine
the effectiveness of the vaccination program (Capua and Marangon,
2006). Vaccine efficacy and virus circulation within vaccinated
flocks should be monitored as recommended by international
authorities by using virological and immunological methods (Peyre
et al., 2009). One of the biggest problems with AI vaccination is that
a virus might circulate undetected, which increases the risk of sub-
sequent outbreaks and/or antigenic drift of the circulating virus
away from the vaccine strain. At the flock level, a simple method
to identify infected flocks consists of regularly monitoring sentinel
birds left unvaccinated in each vaccinated flock, but this approach
does have some management problems, particularly with regards
to identifying the sentinels in large flocks (OIE, 2012). As an alterna-
tive or adjunct system, testing for field exposure may  be performed
on the vaccinated birds either by detection of field virus or anti-
bodies against the virus. To detect the field virus, oropharyngeal
or cloacal swabs from baseline daily mortality or sick birds can be
tested, individually or as pools, by molecular methods, such as real
time reverse transcription polymerase chain reaction (rRT-PCR) or
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

antigen capture enzyme-linked immunosorbent assay (ACELISA) of
the vaccinated populations (Swayne and Kapzcynski, 2008).

When using commonly available diagnostic tests to conduct
serosurveillance, as for example in China, Vietnam and Indonesia,

dx.doi.org/10.1016/j.virusres.2013.07.012
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here duck flocks are being vaccinated with killed H5N1 vac-
ines, vaccinated and naturally infected birds will both produce
5-specific antibody, complicating the interpretation of the tests.
omestic ducks can also be infected sub-clinically with other cir-
ulating AI viruses, further complicating serosurveillance. Various
trategies have been developed for differentiating infected from
accinated animals (DIVA) (Suarez, 2012). Although several DIVA
trategies based on the specificity of antibody responses have been
evised, they all have serious limitations, especially for testing
ucks. For example in Asia, ducks are currently being vaccinated
ith reverse genetics-derived killed H5N1 vaccines that do not

llow the use of the heterologous neuraminidase (NA) type of DIVA
trategy. Circulation of other AI viruses in these countries will gen-
rate nucleoprotein (NP)-specific and non structural (NS)1-specific
ntibody responses that complicate use of NP- and NS1-specific
ests to monitor H5N1 infection (James et al., 2008). Also any cir-
ulating HxN1 viruses (e.g. H6N1, H7N1) will impede the use of N1
ntibody testing if a heterologous NA vaccination DIVA strategy is
n place. At present the NS1-specific tests have not been fully vali-
ated for use in an AI monitoring system and the heterologous NA
IVA approach has only been used for low pathogenicity AI virus

urveillance in chickens and turkeys (Grogan et al., 2007).
A study evaluating the performances of the HI test and of a H5-

LISA using samples from chickens and ducks in Vietnam, showed
hat performance of the HI test was very good, supporting the cut-
ff of >4 log2 used for the HI test for chickens but suggesting that

 >3 log2 cut-off was more appropriate for ducks (Desvaux et al.,
012a). When compared with the virus neutralization test, the
5-ELISA showed poor specificity when using the positive cut-off

pecified by the manufacturer, but could be used as a screening
est if confirmed by the HI test or a virus neutralization test. A
eneral and highly sensitive pre-screening test for the detection
f NP-specific antibodies with a competitive ELISA can be used to
dentify positive birds, but this tests needs to be confirmed by HI.
his approach appears of little value in the context where ducks
re exposed to a number of different influenza viruses when only

 single subtype is targeted for surveillance and control. Therefore
erologic surveillance must be supplemented with virus detection
nd characterization programs to understand virus persistence in a
ountry or region (Desvaux et al., 2012a). However, there remains

 large funding gap in most endemic countries to perform proper
urveillance that is unlikely to be supported by international donors
ecause of donor fatigue after many years of support (Sims, 2012).

In a study examining farm and flock-level risk factors associ-
ted with H5N1 HPAI outbreaks on small holder duck and chicken
arms in the Mekong Delta of Vietnam, it was found that the odds of
aving an outbreak were highest in unvaccinated flocks, intermedi-
te in flocks vaccinated once, and lowest in flocks vaccinated twice
Henning et al., 2009). Mathematical models suggest that 90% of a
ock needs to be vaccinated to reduce the probability of an outbreak
y 50% (Savill et al., 2006) yet in field situations, commonly less than
0% of birds in a flock are vaccinated (Suarez, 2005). In this study,
o farms had full vaccination coverage (two vaccinations 4 weeks
part) in all of their flocks. Results of this study indicated that across
ll flocks, scavenging contributes to a relatively small increase of
isk of H5N1 HPAI outbreaks when compared to the increase in
isk due to non-vaccination. However, amongst scavenging flocks,
hose that share scavenging locations with ducks from other farms
re at increased risk of an H5N1 HPAI outbreak. This suggests that

 stricter approach to biosecurity within the practice of scaveng-
ng could decrease the risk of avian influenza without banning the
ractice altogether. The authors conclude that none or only single
accination, visits by family and friends to farms, the presence of
eese on farms and sharing of scavenging areas with ducks from
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013),  http://dx.doi.org/10.1016/j.virusres.2013.07.012

ther farms increase the risk of H5N1 HPAI outbreaks in poultry
ocks.
 PRESS
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2.2.2. Vaccine effectiveness: Quality of protection and vaccination
programs

Not many studies have been conducted evaluating the effi-
cacy of duck vaccination in the field. A study examining antibody
kinetics induced by vaccination, found that ducks developed HI
antibodies quickly after vaccination, reaching 8 log2 titers 4 weeks
post-vaccination and gradually declining to 4 log2 by 14 weeks
post-vaccination (Tian et al., 2005). The antibody titers increased
rapidly to 10 log2 1 week after a second vaccine dose was  given
and remained at 6 log2 for 38 weeks. Ducks challenged at this time
point with a H5N1 HPAI virus were protected from clinical dis-
ease, although low titers of virus were detected from oropharyngeal
swabs of some ducks three days after challenge. It is not clear if
these results can be extrapolated to other vaccines and vaccination
protocols.

A study conducted in Vietnam to evaluate virus transmission
within infected flocks before and after vaccination found that
results were consistent with vaccine trials that suggest that the
use of vaccines is expected to reduce virus transmission and asso-
ciated mortality among poultry by increasing the incubation period
and reducing virus shedding (Soares Magalhaes et al., 2010). Apart
from issues related to the quality of protection provided by the vac-
cine, the overall effectiveness of vaccination campaigns was shown
to be undermined by factors that deter farmers with commercial
size flocks from vaccinating their flocks, and operational issues for
vaccine delivery. The former may  be linked to the length of vaccine-
withholding period and rumors concerning adverse reactions to the
vaccine while the latter may  be affected by issues such as training
and payment of vaccinators, spoilage of vaccine stocks and rapid
turn-over of at-risk populations (Soares Magalhaes et al., 2010). The
authors suggest that if vaccination continues to be included as part
of a sustainable disease control program, efforts should be focused
on training farmers in disease prevention in addition to disease
recognition since the second is likely to be compromised in a vacci-
nated population. Efforts must also be made to reduce operational
delays in the implementation of disease control interventions after
the recognition of the initial outbreak.

Another study was undertaken to understand the epidemi-
ology of H5N1 HPAI in the context of vaccination and to draw
some conclusions about vaccination efficacy in the domestic poul-
try population of the Red River Delta area in Vietnam (Desvaux
et al., 2012b). Five cross-sectional surveys to measure the sero-
logical and virological prevalence in vaccinated and unvaccinated
poultry were performed. The size of the flock was found to be a
determinant of seroconversion probability with a higher risk of
not seroconverting for the smaller size flocks, probably because
of the greater technical capacity of farmers in bigger farms lead-
ing to less frequent preventable vaccine failures. However, birds
from large flocks had a mean HI titer lower than birds from small
flocks, most likely because intensive management practices for the
largest flock induces more stress for the birds, and as a consequence,
lowers the immunological response. An effect of the vaccination
protocol on the HI titer of seroconverted ducks was also found,
with a lower mean HI titer for birds vaccinated once at more than
20 days of age, than for those vaccinated twice. This study also
highlighted the difficulties in maintaining good flock immunity in
poultry populations using inactivated vaccine in the field with two
vaccination rounds per year, and in preventing circulation of virus
in co-existing non-vaccinated poultry (Desvaux et al., 2012b). The
seroprevalence measured by the presence of HI H5 antibodies in
the studied population was  <30% for all the sampling campaigns.
Serological and virological results indicate that the vaccination lev-
els being achieved did not prevent circulation of virus in co-existing
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

and explain this low immunity level including: The high popula-
tion turnover in poultry production systems that does not allow

dx.doi.org/10.1016/j.virusres.2013.07.012
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he vaccination of all birds with a bi-annual vaccination campaign;
ifferent causes of preventable failures such as problems with the
old chain that could have a direct consequence on the effect of
he vaccine, incorrect injection techniques, incorrect dosages that
ould lead to birds not receiving the appropriate amount of anti-
en; and inappropriate vaccination protocols leading to low or no
mmunological response (Desvaux et al., 2012b). The importance
or vaccine immunogenicity of the number of doses and age of the
ucks at the time of vaccination was also confirmed in this study,
hich correlates with reports on the need to increase vaccine doses

o induce protective immune response in ducks (Kim et al., 2008). A
all in antibody levels at 1–2 months post-vaccination was observed
nd might also be explained by inappropriate vaccination proto-
ols used in the field. Despite failure in stopping virus circulation,
n indirect protection of unvaccinated birds was  shown when the
accinated population of the same commune showed seropreva-
ence levels between 50% and 70% compared to situations where
his seroprevalence level was <50%. Also, the role played by ducks
n maintenance of the virus was demonstrated as the probability of
eroconversion of unvaccinated birds was higher in June, when the
eat-duck population reaches its maximum size. Meat ducks most

ikely contribute to virus dissemination because of their farming
anagement, as they are allowed to scavenge all day in the rice

elds.

.2.3. Duration of immunity in vaccinated ducks
In laboratory studies, vaccination against H5N1 influenza

iruses has protected ducks against lethal challenge, but the dura-
ion of the antibody response, which is a crucial factor in the
eld, has not been fully addressed. As mentioned previously, Tian
t al. detected high antibody titers at 38 weeks in ducks vacci-
ated twice with a H5N1 inactivated vaccine developed by reverse
enetics (Tian et al., 2005). In a study by Boltz et al. (2009) H5N3
I and virus neutralization antibodies were observed 40 weeks
fter vaccination of ducks with one dose of an inactivated reverse
enetics-derived H5N3 vaccine. This study demonstrated that the
nactivated vaccine produced long-lasting antibodies to homolo-
ous and heterologous viruses under field conditions as cross-clade
ntibodies to a H5N1 virus (A/chicken/Laos/A0464/07), a virus anti-
enically distinct from the vaccine strain, were also detected after

 single vaccination and were sustained for 28 weeks (for 40 weeks
hen a boost vaccination was given). In another study, the dura-

ion of humoral immunity in ducks was evaluated by testing serum
amples from ducks vaccinated with a whole virus inactivated oil
mulsion vaccine (Beato et al., 2007). The log2 geometric mean
iter (GMT) of the vaccinated ducks after the first vaccination was
.69 and increased to 7.69 after a second vaccination. The antibody
iters remained at acceptable levels through 20 weeks with log2
MT  4, but by week 28 the log2 GMT  was 2.46, below the value
onsidered to be consistently protective. The results of these stud-
es emphasize the need for more research on duration of antibody
esponses elicited by vaccination in ducks, since duration of immu-
ity can vary depending on the vaccine, dose, vaccination protocol
nd many other factors.

.2.4. Virus recovery from tissues of vaccinated-challenged ducks
There has been concerns about the presence of virus in duck

eat, both for the implications on disease transmission to animals
hrough swill feeding (Harder et al., 2009; Mase et al., 2005; Swayne
nd Beck, 2005), and for the food safety implications for humans
Beato et al., 2007). Viable virus has been recovered from duck meat
nd internal organs of ducks experimentally infected with H5N1
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013), http://dx.doi.org/10.1016/j.virusres.2013.07.012

PAI viruses (Pantin-Jackwood and Swayne, 2007; Tumpey et al.,
002), even though the ducks did not always show clinical signs.
tudies in chickens have shown that vaccination can prevent virus
eplication in meat (Swayne and Beck, 2005). Likewise, no virus was
 PRESS
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isolated from meat from vaccinated ducks challenged with a H5N1
HPAI virus (Beato et al., 2007). Similar results were obtained from
the liver, which is an organ that is used to make food preparations
such as fois gras in some countries of the world. Although virus lev-
els of meat in the control birds were low, it was concluded that
vaccination prevented the establishment of viremia and therefore
prevented viral colonization of internal organs, positively influenc-
ing the food security of duck products (Beato et al., 2007). Vaccine
studies using H5N1 HPAI viruses of different pathogenicity need to
be done to corroborate these results.

2.3. Experimental studies evaluating vaccine efficacy in ducks

Several studies in laboratory settings have been conducted to
evaluate vaccine efficacy in ducks against H5N1 HPAI virus chal-
lenge (Beato et al., 2007; Boltz et al., 2009; Cagle et al., 2011, 2012;
Chua et al., 2010; Eggert and Swayne, 2010; Ferreira et al., 2012;
Kim et al., 2008; Liu et al., 2011a; Middleton et al., 2007; Pfeiffer
et al., 2010; Qian et al., 2012; Rudolf et al., 2009; Steensels et al.,
2007, 2009; Tian et al., 2005; van der Goot et al., 2007, 2008;
Webster et al., 2006; Yao et al., 2010). Details of these studies
are presented in Table 1. These studies differed in many aspects
including type of vaccine, duck species, vaccination protocol (age
of the ducks at vaccination, number of vaccine doses, amount of
HA antigen in vaccine), challenge virus, and experimental settings.
Nevertheless, important information can be drawn from them. The
findings reported in these studies have significant implications on
practical aspects of H5N1 HPAI control. Based on the results of
these studies, it appears that vaccination in most cases will pro-
tect ducks against disease and will reduce virus shedding following
virus challenge. If the vaccine is a good match to circulating viruses
and it is given correctly, vaccinated flocks should not shed enough
virus to infect either vaccinated or unvaccinated birds. Several of
the variables affecting vaccine efficacy are discussed below.

2.3.1. Types of vaccines and vaccination protocols
Most of the vaccines used in these efficacy studies are described

in a separate review on vaccination of gallinaceous poultry for
H5N1 HPAI (Spackman and Swayne, 2013). In the field, the major-
ity of the vaccines used in domestic ducks have been oil-emulsion
inactivated vaccines, produced or not by reverse genetics. Both
commercially available and experimental vaccines have been eval-
uated in ducks (Table 1).

An inactivated vaccine produced with a strain generated by
reverse genetics (Re-1), containing the NA gene and a modified
HA gene of A/goose/Guangdong/1/96 (H5N1) in combination with
the six other genes from A/PR/8/34 (H1N1) as backbone, was able
to protect against clinical signs, including mortality, and it also
reduced the viral load in ducks (Tian et al., 2005). This same vac-
cine, which was  made commercially available, was used in three
other studies (Cagle et al., 2011, 2012; Pfeiffer et al., 2010) showing
variation in protecting ducks against lethal infection with differ-
ent H5N1 HPAI viruses. The Re-1 vaccine induced low to moderate
antibody titers in young Pekin (Anas platyrhynchos var. domestica)
and Muscovy ducks (Cairina moschata), protecting them against dis-
ease after challenged 2 weeks after vaccination, but not preventing
virus shedding. The results were affected by duck species, vaccine
schedule, and challenge virus used. Likewise, one administration
of a conventional inactivated vaccine was  shown to protect Pekin
ducks from mortality 1 week post-vaccination, but clinical signs
caused by H5N1 infection were only reduced and virus was trans-
mitted to contact ducks (van der Goot et al., 2007). Administration
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

of one of four different whole virus inactivated vaccines to 1 week-
old Pekin ducks did not eliminate virus shedding, with reduction
only observed in ducks vaccinated with the vaccine homologous
to the challenge virus (Eggert and Swayne, 2010). Results of these

dx.doi.org/10.1016/j.virusres.2013.07.012
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Table 1
Studies on efficacy of H5 influenza vaccines against H5N1 HPAI virus challenge in domestic ducks.

Vaccine Type of ducks Vaccination
protocol*

Mean HI titers
(log2)

Virus challenge Clinical signs Viral shedding Ref.

Recombinant
inactivated H5N1
vaccine-Re-1. HA
and NA from
A/Gs/Guangdong/1/96
(HA clade 0)

Sheldrake 3-wks. IM;  0.5 ml
containing 4.6 �g
of HA antigen

– 6 wks. with 107.5

EID50 of DKSH/04
(HA homology with
vaccine virus is
94.6%)

No clinical signs in
vaccinated ducks.
13/15
non-vaccinated
controls died

No virus shedding
in vaccinated
ducks. All
non-vaccinated
controls shed virus
at  3 and 5 days
post challenge

Tian et al.
(2005)

Recombinant
inactivated oil
emulsion vaccine
H5N3 (with
modified H5 from
A/Ck/Vietnam/C58/04)

Pekin One or two doses
containing 0.015 to
1.2 �g of HA
protein. At 2 wks.
(single) or at 2 and
5  wks. (double). IM

>7 8 wks. Single: IN
with 100 duck
lethal doses of
A/duck/Thailand/71.1/04
Double: IN 30
CLD50 of
A/Ck/Vietnam/C58/04

100% protection
against mortality

No or minimal
virus shedding in
vaccinated ducks
challenged with
either virus. Most
non-vaccinated
control ducks shed
virus

Webster et al.
(2006)

Khaki Campbell 0.25 �g of HA 2
wks. (single) or 2
and 4 wks. (double)

>9 IN/intratracheal
with 104 EID50 of
A/duck/Thailand/71.1/04

Whole  virus
inactivated oil
emulsion vaccine:
Bivalent Poulvac
i-AI H5N9, H7N1
(Fort Dodge); and
monovalent
Poulvac i-AI H5N3
RG (modified HA
from
A/Ck/Vietnam/C58/04)

Pekin 1-day-old and 3
wks. SQ. 0.2 ml

2–3 with bivalent
vaccine. 3–6 with
monovalent
vaccine 3 wks  p.v.
*used challenge
virus in test

6 wks. with 101.5

DID50 IN, orally and
intraocular of
A/Muscovy
duck/Vietnam/453/04

0/0/15 (morbid-
ity/mortality/total)
in vaccinated ducks
compared to
14/9/14 in
non-vaccinated
controls

0–2/14 of
vaccinated ducks
shedding
compared to 14/14
of non-vaccinated
ducks

Middleton et al.
(2007)

Whole virus
inactivated oil
emulsion vaccine
containing the low
pathogenicity
avian influenza
(LPAI) strain
A/duck/Potsdam/1402/86
(H5N2)

Pekin 1-day-old and 4
wks. SQ

7.69 at challenge
>4 up to 4 months
p.v.

9  wks. IN and oral
with107.0 EID50 of
A/duck/Vietnam/12/05

0/0/10 (morbid-
ity/mortality/total)
in vaccinated ducks
compared to
10/7/10 in
non-vaccinated
controls

0/10 of vaccinated
ducks shedding
compared to 9/10
of non-vaccinated
ducks

Beato et al.
(2007)

Whole virus
inactivated vaccine
(H5N9-It);
vectored vaccine
(vFP-AIV-H5)

Muscovy Different doses, SQ.
Group1: H5N9-It, 5
and 7 wks. (0.5 and
1.0  ml  respectively)
Group 2:
rFP-AIV-H5, 5 and
7  wks.-of age, 100
chicken dose

7.5 (H5N9-It) 3
(rFP-AIV-H5) 13
days p.v.

9 wks. Oculo-nasal
route. 107 EID50 of
A/crested
eagle/Belgium/01/04

0/0/10 (morbid-
ity/mortality/total)
in vaccinated ducks
compared to
10/7/10 in
non-vaccinated
controls

Number of
vaccinated ducks
shedding: Group 1:
9/10; Group 2:
7/10. Reduced virus
amounts compared
to  non-vaccinated
ducks

Steensels et al.
(2007)

dx.doi.org/10.1016/j.virusres.2013.07.012
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Table 1 (Continued)

Whole virus
inactivated oil
emulsion vaccine
based on
A/Ck/Mexico/232/94/CPA
H5N2 (Intervet
Schering-Plough,
The Netherlands)

Pekin 7-wks., single
vaccination; 6 wks.,
single vaccination;
6 and 9 wks.,
double vaccination
SQ. 0.5 ml

7, double
vaccination. No or
low HI titers with
single vaccination.
2 wks. p.v.

8 wks. for single
vaccination and 11
wks. for double.
105.3–5.8EID50 of
A/Ck/China/1204/04
H5N1 (HA clade
2.4) IN and
intratracheally.
(HA1 homology
between vaccine
and challenge
virus: 84%)

2–3/0/10 (morbid-
ity/mortality/total)
in vaccinated ducks
compared to 8/2/10
in non-vaccinated
controls

9–10/10 ducks
given single
vaccination. 4/10 in
double vaccinated
ducks. 10/10
non-vaccinated
controls shed virus

van der Goot
et al. (2007,
2008)

Three recombinant
inactivated oil
emulsion
whole-virus H5
influenza vaccines
made from
H5N1viruses (HA
clades 1, 2.2 and
2.3.4)

Pekin 2 wks., IM, single
dose, 1 �g of HA

14–20 GMT. 3 wks.
p.v.

5  wks. IN,
intraocular, and
intratracheal with
101.25 EID50 of
Dk/Laos/25/06 (HA
clade 2.3.4)

0/0/10 (morbid-
ity/mortality/total)
in vaccinated ducks
compared to 9/9/10
in non-vaccinated
controls

0/10 ducks for all
vaccinated groups

Kim et al.
(2008)

Whole virus
inactivated vaccine
(H5N9-It); and/or
vectored vaccine
(vFP-AIV-H5)
expressing the HA
gene of
A/Ck/Indonesia/7/03

Pekin 17 and 42 days. SQ;
vaccinated once or
twice with H5N9-It
(0.5 ml  single or
1 ml double
chicken dose) or
with the
vFP-AIV-H5
vaccine (105

TCID50/dose)

6 or 9.5 in H5N9It
vaccinated ducks
(1× or 2×) 6 in
vFP-AIV-H5 × 2
vaccinated ducks 9
in vFPH5-H5N9-It
vaccinated ducks

56 days with 107

EID50 of A/crested
eagle/Belgium/01/2004
(HA clade 1)

0/0/10 (morbid-
ity/mortality/total)
in vaccinated ducks
compared to 2/2/10
in non-vaccinated
controls

None of the
vaccinated-
challenged ducks
shed virus. 90% of
the controls did

Steensels et al.
(2009)

Inactivated and
adjuvanted vaccine
based on LPAI
strain
A/duck/Postdam/1402/86
(H5N2)

Pekin 7 and 11 wks. IM.
0.1 ml

≥5 at 14 wks. 106 EID50 of
A/Cygnus
Cygnus/Germany/R65/06
(H5N1) at 10, 14 or
26 wks. of age;
oculo/nasal route

Non-vaccinated
and vaccinated
ducks displayed no
clinical signs

Low number of
non-vaccinated
and vaccinated
ducks shed virus

Rudolf et al.
(2009)

Whole virus
inactivated
commercial
vaccines:
Tk/England/N-
28/73 (N28); Re-1
(Harbin Veterinary
Res. Institute); and
A/Ck/Mexico/232/94
(H5N2) (Intervet
International)

Pekin 1wk. SQ, 0.3 to
0.5 ml of vaccine

4–6 3 wks. IN with 105.0

EID50 of
Dk/VN/203/05 (HA
clade 2.3.2) or
Dk/VN/218/05 (HA
clade 2.3.4)

0/0/10 to 1/1/10
(morbid-
ity/mortality/total)
in vaccinated ducks
compared to
10/10/10 in
non-vaccinated
controls

More than 30% of
vaccinated ducks in
all groups shed
virus at 3 days post
challenge

Pfeiffer et al.
(2010)

DNA vaccine with HA
from
A/mallard/BC/373/2005
(H5N2 LPAI).
Vector controls
(pSec); ptHA; and
ptHA-tCD154

Pekin Exp.1: 3–4 wks.
immunized on wks.
0,  4, 8, 12. Exp. 2:
2–7 days
immunized on wks.
0,  2, 4, 6, and 11.
200 �g of plasmid
IM

Exp.1: 0.5 ptHA 4
ptHA-tCD154 (wk
9) Exp. 2: 5.5
ptHA-tCD154 (wk
8)

3 and 22 wks. after
last immunization
(exp.1) and at 3
wks. (exp.2) with
A/Ck/Vietnam/14/2005
105 PFU.
Intraocular, IN and
oral

Only one of the
controls was
euthanized.
Immunization with
ptHA; and
ptHA-tCD154
delayed and
mitigated clinical
signs

All vaccinated
ducks shed virus

Yao et al.
(2010)

dx.doi.org/10.1016/j.virusres.2013.07.012
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Table 1 (Continued)

Vaccine Type of ducks Vaccination
protocol*

Mean HI titers
(log2)

Virus challenge Clinical signs Viral shedding Ref.

Subunit H5 vaccine.
Recombinant
baculovirus
expressed H5
vaccine
(TLL/H5N2);
inactivated whole
virus vaccine with
tetanus toxoid
marker antigen
(TT/H5N2);
commercially
available
inactivated H5N2
whole virus
vaccine (Intervet
International)

Pekin hybrid 1–4 wks. SQ.
Additional dose of
TLL given at 5 wks.
The TT/H5N2 and
the H5N2 vaccine
dose was 1.0 ml
(twice the dose
given to chickens)

16 GMT  for
TLL/H5N2 119 GMT
for inac.H5N2 49
GMT  for TT/H5N2
vaccinated ducks

9 wks. with 105.3

EID50 eye
drop/IN/orally
A/Vietnam/1203/2004
(HA clade 1)

Morbidity/mortality/total)
in vaccinated
ducks: TLL/H5N2
0/0/8 Inac. H5N2v
0/1/7 TT/H5N2
0/1/7 Controls
2/5/7

No virus shedding
in vaccinated ducks
when examined at
2 and 4 dpi. 7/7 of
controls shed virus

Chua et al.
(2010)

Whole virus
inactivated oil
emulsion vaccines:
A/turkey/WI/1968
(H5N9);
A/Ck/Hidalgo/28159-
232/1995 (H5N2);
A/tk/England/N28/1973
(H5N2); and
A/ck/Indonesia/7/2003
(H5N1)

Pekin 7-day-old. SQ.
Dose: 0.5 ml

12–16 GMT  3 wks.
p.v.

3 wks. post
vaccination with
106EID50

A/Ck/Indonesia/7/2003
(HA clade 2.1). IN

0/0/6 (morbid-
ity/mortality/total)
in vaccinated ducks
0/0/6 in
non-vaccinated
controls

3–6/6 vaccinated
ducks shed virus.
Reduction in
shedding was  only
observed in ducks
vaccinated with the
homologous virus
(A/Ck/Indonesia/7/2003)

Eggert and
Swayne (2010)

Recombinant
inactivated Re-1
vaccine

Pekin and
Muscovy

SQ at 1 and at 14
days; at 14 days; or
at 7 and 21 days.
0.2–0.5 ml

5–7 in Pekin ducks
3–7  in Muscovy
ducks, depending
on vaccine
schedule

At 30 days with
105.0 EID50 of
A/Dk/Nam
Dinh(VietNam)/NCVD-
88/2007 (HA clade
2.3.4)

Vaccinated ducks:
0–5/8 presented
clinical signs and
0–3/8 died
Non-vaccinated
controls: 6/6/6
(morbid-
ity/mortality/total)
Best protection
when vaccinated at
7  and 21 days of
age. Higher
morbidity and
mortality in
Muscovy ducks
than Pekin

All Muscovy ducks
shed virus
compared to 1 to 4
Pekin ducks per
group at 3 days
after challenge

Cagle et al.
(2011)

Virus-vectored
bivalent vaccine.
Live attenuated
duck enteritis virus
(DEV) expressing
the HA gene of
A/duck/Anhui/1/06
H5N1(HA clade
2.3.4)

Unknown 4 wks., or 4 and 7
wks. one or two
doses. IM,  0.1 ml

>3 single high dose
at 3 wks. p.v. >5
two  doses, 1 wk.
p.v.

100-fold DLD50 of
HB/49 (HA clade
2.3.4) at different
time points; 3 days,
1 wk, 3 wks., 10
wks. IN

All non-vaccinated
ducks died. 5–8/8
vaccinated ducks
survived

Minimal or no
virus shedding in
vaccinated ducks

Liu et al.
(2011b)

dx.doi.org/10.1016/j.virusres.2013.07.012


Please
 cite

 th
is

 article
 in

 p
ress

 as:
 Pan

tin
-Jackw

ood
,

 M
.J.,

 Su
arez,

 D
.L.,

 V
accin

ation
 of

 d
om

estic
 d

u
cks

 again
st

 H
5N

1
 H

PA
I:

 A
 review

.
 V

iru
s

 R
es.

(2013),
 h

ttp
://d

x.d
oi.org/10.1016/j.viru

sres.2013.07.012

A
R

T
IC

L
E

 IN
 P

R
E

S
S

G
 M

od
el

V
IR

U
S-96034;

 
N

o.
 of

 Pages
 14

M
.J.

 Pantin-Jackw
ood,

 D
.L.

 Suarez
 /

 V
irus

 R
esearch

 xxx (2013) xxx– xxx
9

Table 1 (Continued)

Recombinant
fowlpox virus
vectored vaccine
coexpressing the
HA gene from
A/mallard/Huadong/SY/
2005 (H5N1) and
the chicken
interleukin 6
gene(rFPV-AI-
AIL6); rFPV
expressing the HA
gene alone
(rFPV-SYHA; Re-5
recombinant
inactivated vaccine
(HA clade 2.3.4)

Gaoyou and
Cherry Valley
ducks

Gaoyou 24 days,
Cherry Valley 10
days. SQ; 105 PFU
of rFPV-AI-AIL6
and rFPV-SYHA;
0.5 ml of Re-5

1.17–2.57,
rFPV-SYHA and
rFPV-AI-AIL6 > 4,
Re-5 at 3 wks. p.v.

21–23 days p.v.
with 0.2 ml  of
105.75 EID50 of
A/mallard/Huadong/SY/
2005 in nares and
by eye drop

Gaoyou:
rFPV-AI-AIL6 and
Re-5 80-100% of
ducks survived;
rFPV-SYHA 41.7%
of ducks suvived
Cherry Valley:
rFPV-AI-AIL6 and
Re-5, 90–100% of
ducks survived;
rFPV-SYHA 54.5%
of ducks survived.
No survivors in
non-vaccinated
control groups

Reduced virus
shedding in ducks
vaccinated with
rFPV-AI-AIL6
compared to those
vaccinated with
rFPV-SYHA, and
similar to shedding
in Re-5 vaccinated
ducks

Qian et al.
(2012)

Recombinant
inactivated Re-1
vaccine

Pekin and
Muscovy

14 days. SQ; 0.5 ml  Pekin: 2.8 (5/10
ducks) Muscovy:
<2 (2/10 ducks) 2
wks. p.v.

30 days, IN with
105.0 EID50 of
A/Dk/NauGiang/NCVD07-
12/07 (HA clade
1)

Morbidity/mortality/total
in vaccinated
ducks: Pekin:
1/1/10 Muscovy:
4/4/10 In
non-vaccinated:
Pekin: 3/3/3
Muscovy: 6/6/6

Number of
vaccinated ducks
shedding at 3 days
post challenge:
Pekin: 2/10
Muscovy: 6/8

Cagle et al.
(2012)

Virus-vectored
(NDV) vaccine
expressing the HA
gene from
A/turkey/Turkey/1/2005
(H5N1)

Mule ducks 11 days and 2 wks.
after. Ocular route,
106.0 EID50 of the
vaccine

>3 at 4 wks. after
second vaccination
(85% of vaccinated
ducks)

2 wks. after second
vaccination, IN and
ocular with 106.0

EID50 of
A/duck/Hungary/1180/
2006

Morbidity/mortality/total
in vaccinated
ducks: 0/0/10 In
non-vaccinated:
2/2/10

No virus shedding
in vaccinated ducks

Ferreira et al.
(2012)

CLD50 = 50% chicken lethal dose; DLD50 = 50% duck lethal dose; EID50 = 50% embryo infective dose; HA = hemagglutinin; HI = hemagglutination inhibition; IM = intramuscular; IN = intranasal; SQ = subcutaneous; PFU = plaque forming
units;  p.v. = post-vaccination; wks. = weeks.

* Age of ducks at vaccination, vaccine dose, and vaccination route.

dx.doi.org/10.1016/j.virusres.2013.07.012
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tudies indicate that a single vaccination dose is probably not suf-
cient to reduce transmission of H5N1 HPAI virus and suggests
hat a second vaccination administration is necessary to block
ransmission. The need for two vaccinations was confirmed by a
econd study by van der Goot et al. (2008) which showed that
wo administrations with the whole virus inactivated vaccine con-
erred better protection by reducing viral shedding in vaccinated
ucks.

The efficacy of different vaccination protocols was  also eval-
ated in 17-day-old Pekin ducks by using an experimental

nactivated whole virus vaccine and/or a fowlpox recombinant
xpressing a synthetic HA gene from an Asian H5N1 isolate
Steensels et al., 2009). This study showed that full protection
gainst clinical signs and shedding was induced by the different
accination schemes. However, the broadest antibody response and
he lowest antibody increase after challenge were observed in the
roup of ducks whose immune system was primed with the fowl
ox vectored vaccine and boosted with the inactivated vaccine, sug-
esting that this prime-boost strategy induced optimal immunity
gainst H5N1 and allowed only minimal viral replication after chal-
enge in ducks. In addition, this prime-boost vaccination scheme

as shown to be immunogenic in 1-day-old ducklings. This study
nd a previous one (Steensels et al., 2007) showed that despite
he poor replication of fowl pox virus in ducks, fowl pox vectored
accines are immunogenic and protective in this species after two
dministrations of approximately 100 times a chicken dose. Field
rials in 1-day-old ducklings are needed to confirm induction of an
arlier onset of immunity and of a broader cross-reactivity to var-
ous antigens, and to evaluate the duration of protection induced
y such prime-boost vaccination scheme compared to two shots of

nactivated vaccines in field conditions (Steensels et al., 2009).

.3.2. Effect of species or breed of ducks in response to H5N1 HPAI
accination

The majority of the published studies evaluating vaccine effi-
acy against H5N1 HPAI in ducks have been done using Pekin
ucks (A. platyrhynchos var. domestica),  and less research has been
one been using Muscovy ducks (C. moschata), Sheldrakes (Tadorna
adorna), Gouyou ducks (Chinese indigenous species), Mule ducks
a hybrid between Muscovy males and Pekin females), or other
ype of A. platyrhynchos ducks (Cherry Valley, Khaki Campbell)
Table 1). Differences in response to vaccination between differ-
nt types of ducks are difficult to assess when the experimental
onditions are not the same. The two different vaccine efficacy
tudies using fowlpox-vectored AI, revealed differences between
ekin and Muscovy ducks in response to vaccination (Steensels
t al., 2007, 2009). Oropharyngeal virus shedding occurred in vac-
inated Muscovy ducks as late as 19 days post infection, while
o shedding was detectable in vaccinated Pekin ducks at any
oint after infection with the same HPAI H5N1 virus. These dif-
erences between duck species in response to H5N1 vaccination
ere corroborated by other studies which clearly demonstrated

 lower protection conferred by vaccination in Muscovy ducks to
5N1 HPAI virus infection when compared to Pekin ducks (Cagle
t al., 2011, 2012). Vaccinated Muscovy ducks shed more virus
nd for longer periods of time than Pekin ducks, and had lower
rotection against morbidity and mortality (Cagle et al., 2011). Non-
accinated virus-challenged Muscovy ducks also presented more
evere clinical signs than Pekin ducks, suggesting differences in the
nnate immune response, and consequently the adaptive immune
esponse, between these two duck species (Cagle et al., 2012).

The differences in the pathogenicity of H5N1 HPAI viruses
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013),  http://dx.doi.org/10.1016/j.virusres.2013.07.012

n domestic ducks appear to be related to the species and
ot necessarily to the type or breed of the ducks. Muscovy
ucks (C. moschata) presented more severe disease than various
ther breeds of domestic ducks (A. platyrhynchos),  Pekin, Black
 PRESS
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Runners, Mallards, Rouen, and Khaki Campbell, when infected
with a H5N1 HPAI virus (Pantin-Jackwood et al., 2013). Mule
ducks also appeared to be more resistant than Muscovy ducks to
H5N1 HPAI virus infection (Ferreira et al., 2012). The variation in
H5N1 HPAI pathogenicity and the differences in response to vac-
cination between different types of ducks should be taken into
account when developing effective control measures for H5N1 HPAI
in ducks, including surveillance, vaccines and vaccination strate-
gies. With both killed and live vaccines, Muscovy ducks appear
to be of special concern and likely require more booster vacci-
nations to achieve the same level of protection as seen in other
ducks.

2.3.3. Effect of vaccination schedules
Different vaccination protocols have been examined in order

to develop protocols compatible with husbandry practices. Duck-
lings in Asian countries are often reared indoors until 30 days of
age and are then released in the open. Vaccines must therefore be
administered during the confinement period (Beato et al., 2007).
One-week-old Pekin ducks were vaccinated against H5N1 HPAI
virus to determine if vaccination at this age would produce good
protection if ducks were exposed 2 weeks later (Pfeiffer et al., 2010).
Vaccination at this age, although conferring good protection against
disease, did not stop virus shedding, and in certain cases, the ducks
shed viruses for more than five days (Pfeiffer et al., 2010). In order
to explore other alternatives for the efficient vaccination of ducks,
studies were conducted using three different vaccination schedules
to immunize Pekin and Muscovy ducks against H5N1 HPAI, two  of
which involved two doses of vaccine, given at 1 and 14 days of age
or 7 and 21 days of age; and a third schedule using one dose given at
14 days of age (Cagle et al., 2012). The option that conferred the best
protection was  to vaccinate ducks at 7 days and 21 days of age. At 7
days of age, ducks in the field would also have decreased maternal
antibody titers compared to one day old ducks, so would proba-
bly respond well to this vaccination schedule. Vaccinating ducks at
one day of age followed by a boost at 14 days of age did not pro-
tect any better than vaccinating only at 14 days of age, the reason
probably the immaturity of the immune system of the ducks at day
of age (Cagle et al., 2012). However, another study using a two-
dose vaccination program starting at day-old using an inactivated
conventional vaccine, was successful in preventing clinical signs
and mortality and in suppressing shedding of viable virus in vac-
cinated ducks (Beato et al., 2007), but it was not clear how much
of this protection was  conferred by the vaccination at one day of
age. The authors also found a duration of immunity above thresh-
old levels for more than 5 months in the vaccinated ducks, which
appears to be less than what was generated with reverse genet-
ics based vaccines (Tian et al., 2005), but this is longer than the
economic life of a meat duck, which is approximately 4 months. A
double dose of a bivalent vaccine, given at 1 day and at 3 weeks,
protected ducks from disease and mortality, although only low
antibody responses were induced and virus was re-isolated from
some of the vaccinated ducks (Middleton et al., 2007). The results
of these studies indicate that early vaccination could be used in
the field to prevent primary introduction and secondary spread in
naıve ducks. Alternative protocols need to be explored to improve
vaccination against H5N1 HPAI in domestic ducks under field
conditions.

2.3.4. Role of homology between vaccine and challenge virus
Homology between viruses and vaccines is determined based on

protein sequences of the HA. It should be kept in mind, however,
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

that although there is a correlation between genetic and antigenic
distance, it is also possible that specific genetic differences of only
one amino acid lead to a substantial difference in antigenic dis-
tance (Smith et al., 2004). For influenza, it has been observed that

dx.doi.org/10.1016/j.virusres.2013.07.012
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ntigenic distance is linearly related to the logarithm of the HI
easurement. This principle is the basis for the construction of

ntigenic maps in which antigenic distances are visualized. Human
nfluenza vaccines are updated when there is an antigenic differ-
nce of at least 2 two-fold dilutions in the HI assay (Smith et al.,
004). It is not clear if such criteria can be applied to avian vaccines
ince there are many differences between avian and human vac-
ination practices including vaccination schedules and the use of
ifferent adjuvants (van der Goot et al., 2007).

Little is known about the effectiveness of genetically more dis-
ant vaccines in preventing infection, disease, and transmission of
5N1 HPAI in domestic ducks. Most of the vaccine studies used vac-
ines that had a high homology with the challenge virus (Table 1). In
ost experiments, both the HA of the vaccine and challenge strains

elonged to the Eurasian H5N1 subtype, and these vaccines in some
ases were able to completely prevent virus shedding (Middleton
t al., 2007; Tian et al., 2005; Webster et al., 2006). Some stud-
es used viruses and vaccines that were genetically more distant
Beato et al., 2007; Middleton et al., 2007). Middleton et al. used

 vaccine with a H5 virus (A/Chicken/Italy/22A/98 H5N9) with a
rotein homology of the HA1 of ∼89% with the H5N1 challenge
irus, and found minimal virus shedding. Beato et al. used a vaccine
ased on the A/Duck/Potsdam/1402/86 H5N2 virus with a protein
omology of the HA1 of 89% with the H5N1 challenge strain and
id not isolate any virus. Not all currently used vaccines have such

 high degree of homology with the circulating H5N1 field viruses.
n one study, a widely used H5N2 vaccine strain that has a HA1
rotein homology of 84% with the H5N1 HPAI challenge virus not
nly prevented severe morbidity and mortality but also signifi-
antly reduced virus shedding and transmission of H5N1 in ducks

 weeks after vaccination (van der Goot et al., 2008). It is difficult
o draw firm conclusions from these studies because of the differ-
nces in study design, vaccines, and challenge strains used. Current
xperience with vaccines used with chickens shows that the best
rotection results from vaccination with homologous vaccines, and
he more divergent the vaccines are to the challenge strain the
orse the protection based on morbidity, mortality, or viral shed-
ing (Suarez, 2010). It is unlikely that vaccination in ducks would be
ifferent.

.3.5. Novel vaccines, vaccine adjuvants, and vaccine markers
Conventional inactivated vaccines have proven useful in the

ontrol and prevention of H5N1 HPAI outbreaks in poultry. How-
ver, outbreaks still continue to occur in domestic ducks. New and
mproved vaccines and vaccination strategies are needed to ade-
uately control H5N1 HPAI in ducks. Among the new approaches
o vaccination is the use of novel virus-vectored vaccines. Poxvirus
ectors, shown to be immunogenic in both Pekin and Muscovy
ucks, have the advantage of being easy administered at the
atchery at 1 day of age (Bublot et al., 2010). In addition to the pox-
ectored vaccines, new vaccines using duck enteritis virus (DEV) or
ewcastle disease virus (NDV) as vectors have been developed and
xamined in ducks. Live attenuated DEV vaccine is used routinely
o control lethal DEV infections in many duck-producing areas. Liu
t al. (2011b) constructed two recombinant viruses in which the
A gene of a H5N1 virus was inserted within different sites of the
EV genome. Duck studies indicated that one of these constructs
ad a protective efficacy similar to that of the live DEV vaccine
gainst lethal DEV challenge, and a single dose induced complete
rotection against a lethal H5N1 HPAI virus challenge in as little
s 3 days post vaccination. These results suggest that recombinant
EV is suitable for use as a bivalent live attenuated vaccine, provid-
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013), http://dx.doi.org/10.1016/j.virusres.2013.07.012

ng rapid and complete protection against both DEV and H5N1 HPAI
irus infection in ducks, however the mechanism for the protection
nduced by the DEV-vectored vaccine still remains to be deter-

ined. A recombinant Newcastle disease virus (NDV) expressing
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the HA gene of H5N1 influenza virus has been used as a bivalent
vaccine against both NDV and H5N1 viruses in chickens in China
since 2006 (Chen and Bu, 2009; Ge et al., 2007). In a study by Fer-
reira et al., a recombinant NDV vaccine was shown to elicit both
humoral and cellular responses in 11-day old Mule ducks, cor-
relating with a complete clinical protection against a H5N1 HPAI
challenge. However, a suppressive effect on vaccine response from
maternally derived antibodies (MDA) was observed (Ferreira et al.,
2012).

An effective vaccine needs not only good antigens but also good
adjuvants to enhance the immunogenicity of the antigen. Most
vaccines for avian influenza are developed and optimized for chick-
ens, but may  not be optimal in ducks. However, one study in SPF
ducks (species not identified) and chickens compared three differ-
ent adjuvants using an avian influenza virus vaccine, and all three,
mineral oil, MontanideTM ISA 70M VG, and MontanideTM ISA 206
VG, induced comparable antibody titers in both species (Liu et al.,
2011a).

Another approach to enhance vaccine immunogenicity is to
incorporate immune-stimulators like cytokines in vaccine con-
structs. In a study conducted by Qian et al., a recombinant fowlpox
virus coexpressing the HA gene of a H5N1 HPAI virus and chicken
interleukin 6 gene (rFPV-AIH5AIL6) was constructed and tested
to evaluate the immune response in ducks (Qian et al., 2012).
The rFPV-AIH5AIL6 vaccine induced a higher anti-AIV HI anti-
body response, an enhanced lymphocyte proliferation response,
an elevated immune protection, and a reduction in virus shedding
compared to a recombinant fowlpox virus expressing the HA gene
alone. This study suggests that both cellular and humoral immu-
nity contribute to better protection induced the rFPV-AIH5AIL6
vaccine, and that chicken interleukin 6 might be an effective
adjuvant for increasing the immunogenicity of FPV-vectored AIV
vaccines in ducks (Qian et al., 2012). A similar study exam-
ined the immunogenicity and protective efficacy in Pekin ducks
of a DNA vaccine encoding a chimeric protein of HA subtype
H5 fused to CD154 (CD40L) (Yao et al., 2010). Immunization
with this vaccine conferred protection against a genetically dis-
tant H5N1 HPAI virus but several doses of the vaccine were
needed, which makes it impractical for use in the field. Taking a
different approach to improving the immune response to vaccina-
tion, an enhanced immune response was observed in Vietnamese
and Muscovy ducks fed Sophy �-glucan, a polysaccharide that
potentiates the immune response, when vaccinated with a recom-
binant inactivated avian influenza H5 subtype vaccine (Le et al.,
2011).

Considering the nature of the domestic duck industry in
countries like China, Vietnam and Indonesia, and the difficulty with
being able to identify vaccinated ducks, alternative DIVA strategies
that could be used for serosurveillance in ducks when vaccination is
used as part of a H5N1 HPAI control program are also being consid-
ered. One of these strategies involves the inclusion of an exogenous
antigen in the vaccine that can be used as a positive marker for
vaccination. The use of a tetanus toxoid (TT) marker has been eval-
uated in ducks given a H6N2 avian influenza vaccine (James et al.,
2008). High levels of TT-specific antibodies, produced in twice-TT
vaccinated ducks, persisted out to 19 weeks. There was no inter-
ference by inclusion of TT in an inactivated H6N2 vaccine for H6-
or TT-seroconversion, indicating that TT could be a highly suitable
exogenous marker for avian influenza vaccination in ducks (James
et al., 2008). In another study, two H5 vaccines that could poten-
tially be used in DIVA strategies were evaluated in ducks (Chua
et al., 2010). The protective effect of a subunit avian influenza virus
H5 vaccine based on recombinant baculovirus-expressed H5 HA
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

antigen and an inactivated H5N2 avian influenza vaccine combined
with a marker antigen (TT) were shown to confer protection in
young ducks (Chua et al., 2010).

dx.doi.org/10.1016/j.virusres.2013.07.012
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. Conclusions

Vaccination strategies implemented in China and Vietnam were
nitially successful in controlling H5N1 HPAI; however, in time,
utbreaks in poultry recurred. The practical difficulties of vacci-
ation, as well as the rapid antigenic drift of H5N1 viruses, are

ikely to be responsible. The continued circulation of H5N1 HPAI
iruses in many countries has resulted in the emergence of new
trains, requiring that vaccine strains be updated each year or cre-
ted for use in specific countries or regions. Results from field and
aboratory evaluation of vaccines against H5N1 HPAI in ducks indi-
ates that factors such as challenge virus, duck species and use,
accination protocols, and proper use of vaccines may  significantly
nfluence the outcome of the H5N1 vaccination program. Other
actors, including the role of maternally derived antibodies and
o-infection with other pathogens, remain to be determined in
ucks. Vaccine failure might occur due to several reasons, including

ow antigenic homology between the vaccine and the circulating
train, an insufficient viral antigen load in the vaccine, the use of an
djuvant not adapted for ducks, and/or not providing appropriate
ooster vaccinations. When assessing vaccine efficacy in field sett-

ngs, strategies that account for differences between duck species
ay  need to be implemented. Better matching of vaccines with

irculating viruses, optimized vaccines and vaccination programs
hould improve the results of influenza immunization in ducks.

The role of vaccination needs to be considered in the overall
5N1 HPAI control strategy. Most vaccine programs are designed

o prevent or reduce clinical disease with the ideal goal of erad-
cating a disease from a region. Currently, vaccines programs in
ndemic countries are being used for disease control purposes
nly because of lack of adequate coverage, lack of proper antigeni-
ally matched vaccines, and proper vaccination protocols. Although
omestic ducks are key part of the epidemiology of maintenance
nd spread of H5N1 is Asia, the virus has not been a costly cause of
isease for duck growers. Therefore farmers have been reluctant to

nvest in avian influenza vaccines when the primary value is for the
reater veterinary and public health benefits. Greater attention to
uck vaccination has to be considered if eradication of H5N1 HPAI

s the ultimate goal. There is a need for effective vaccination strate-
ies including vaccines suitable for mass vaccination. In countries
here poultry is mainly backyard scavenger poultry, optimum vac-

ination coverage might be difficult to achieve. Vaccines may  still
revent the host from showing clinical disease but fail to stop or
dequately reduce virus shedding by the host. To effectively control
he virus from circulating in poultry, an efficient post-vaccination
urveillance program should also be established. This appears to be
he main challenge for developing countries in the use of vaccina-
ion against AI. A control program should include strict quarantine,

ovement controls on animals and equipment, increased biosecu-
ity, extensive surveillance, depopulation of infected animals, and

 comprehensive education program for the public.

eferences

lexander, D.J., Parsons, G., Manvell, R.J., 1986. Experimental assessment of the
pathogenicity of eight avian influenza A viruses of H5 subtype for chickens,
turkeys, ducks and quail. Avian Pathol. 15, 647–662.

eato, M.S., Toffan, A., De Nardi, R., Cristalli, A., Terregino, C., Cattoli, G., Capua, I.,
2007. A conventional, inactivated oil emulsion vaccine suppresses shedding and
prevents viral meat colonisation in commercial (Pekin) ducks challenged with
HPAI H5N1. Vaccine 25 (20), 4064–4072.

ingham, J., Green, D.J., Lowther, S., Klippel, J., Burggraaf, S., Anderson, D.E., Wibawa,
H., Hoa, D.M., Long, N.T., Vu, P.P., Middleton, D.J., Daniels, P.W., 2009. Infection
studies with two highly pathogenic avian influenza strains (Vietnamese and
Indonesian) in Pekin ducks (Anas platyrhynchos), with particular reference to
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013),  http://dx.doi.org/10.1016/j.virusres.2013.07.012

clinical disease, tissue tropism and viral shedding. Avian Pathol. 38 (4), 267–278.
oltz, D.A., Douangngeun, B., Sinthasak, S., Phommachanh, P., Midouangchanh, P.,

Walker, D., Keating, R., Khalenkov, A.M., Kumar, M.,  Webster, R.G., 2009. Field
assessment of an H5N1 inactivated vaccine in chickens and ducks in Lao PDR.
Arch. Virol. 154 (6), 939–944.
 PRESS
us Research xxx (2013) xxx– xxx

Brown, J.D., Stallknecht, D.E., Beck, J.R., Suarez, D.L., Swayne, D.E., 2006. Susceptibility
of  North American ducks and gulls to H5N1 highly pathogenic avian influenza
viruses. Emerg. Infect. Dis. 12 (11), 1663–1670.

Brown, J.D., Swayne, D.E., Cooper, R.J., Burns, R.E., Stallknecht, D.E., 2007. Persistence
of  H5 and H7 avian influenza viruses in water. Avian Dis. 51 (1 Suppl), 285–289.

Bublot, M.,  Richard-Mazet, A., Chanavat-Bizzini, S., Le Gross, F.-X., Duboeuf, M.,  Stoll,
A., Palfi, V., Niqueux, E., Guionie, O., Dren, N., 2010. Immunogenicity of poxvirus
vector avian influenza vaccines in Muscovy and Pekin ducks. Avian Diseases 54,
232–238.

Cagle, C., To, T.L., Nguyen, T., Wasilenko, J., Adams, S.C., Cardona, C.J., Spackman,
E.,  Suarez, D.L., Pantin-Jackwood, M.J., 2011. Pekin and Muscovy ducks respond
differently to vaccination with a H5N1 highly pathogenic avian influenza (HPAI)
commercial inactivated vaccine. Vaccine 29 (38), 6549–6557.

Cagle, C.J.W., Adams, S.C., Cardona, C.J., To, T.L., Nguyen, T., Spackman, E., Suarez,
D.L., Smith, D., Shepherd, E., Roth, J., Pantin-Jackwood, M.J., 2012. Differences
in  pathogenicity, response to vaccination, and innate immune responses in dif-
ferent types of ducks infected with a virulent H5N1 highly pathogenic avian
influenza virus from Vietnam. Avian Dis. 56, 479–487.

Capua, I., Cattoli, G., 2013. Prevention and control of highly pathogenic avian
influenza with particular reference to H5N1. Virus Res., in press.

Capua, I., Marangon, S., 2006. Control of avian influenza in poultry. Emerg. Infect.
Dis.  12 (9), 1319–1324.

Cattoli, G., Monne, I., Fusaro, A., Joannis, T.M., Lombin, L.H., Aly, M.M.,  Arafa, A.S.,
Sturm-Ramirez, K.M., Couacy-Hymann, E., Awuni, J.A., Batawui, K.B., Awoume,
K.A.,  Aplogan, G.L., Sow, A., Ngangnou, A.C., El Nasri Hamza, I.M., Gamatie, D.,
Dauphin, G., Domenech, J.M., Capua, I., 2009. Highly pathogenic avian influenza
virus  subtype H5N1 in Africa: a comprehensive phylogenetic analysis and
molecular characterization of isolates. PLoS One 4 (3), e4842.

Chen, H., 2009. Avian influenza vaccination: the experience in China. Rev. Sci. Tech-
nol. 28, 267–274.

Chen, H., Bu, Z., 2009. Development and application of avian influenza vaccines in
China. Curr. Top. Microbiol. Immunol. 333, 153–162.

Chen, H., Deng, G., Li, Z., Tian, G., Li, Y., Jiao, P., Zhang, L., Liu, Z., Webster, R.G., Yu, K.,
2004. The evolution of H5N1 influenza viruses in ducks in southern China. PNAS
101 (28), 10452–10457.

Chua, T.-H., Laung, C.Y.H., Fang, H.E., Chow, Ch-K., Ma,  S.-K., Sia, S.-F., Ng, I.H.Y.,
Fenwick, S.G., James, C.S., Chua, S.B., Chew, S.T., Kwang, J., Peiris, J.S.M., Ellis,
T.M., 2010. Evaluation of a subunit H5 vaccine and an inactivated H5N2
avian influenza marker vaccine in ducks challenged with Vietnamese H5N1
highly pathogenic avian influenza virus. Influenza Res. Treat. 2010 (2010),
http://dx.doi.org/10.1155/2010/489213 (Article ID 489213, 10 pages).

Cooley, A.J.H.V.C., Philpott, M.S., Easterday, B.C., Hinshaw, V.S., 1989. Pathological
lesions in the lungs of ducks with influenza A viruses. Vet. Pathol. 26, 1–5.

Desvaux, S., Garcia, J.M., Nguyen, T.D., Reid, S.A., Bui, N.A., Roger, F., Fenwick, S., Peiris,
J.S., Ellis, T., 2012a. Evaluation of serological tests for H5N1 avian influenza on
field  samples from domestic poultry populations in Vietnam: consequences for
surveillance. Vet. Microbiol. 156 (3-4), 277–284.

Desvaux, S., Grosbois, V., Pham, T.T., Dao, D.T., Nguyen, T.D., Fenwick, S., Roger, F.,
Ellis, T., Peyre, M.,  2012b. Evaluation of the vaccination efficacy against H5N1 in
domestic poultry in the Red River Delta in Vietnam. Epidemiol. Infect., 1–13.

Eggert, D., Swayne, D.E., 2010. Single vaccination provides limited protection to
ducks and geese against H5N1 high pathogenicity avian influenza virus. Avian
Dis. 54 (4), 1224–1229.

Ellis, T.M., Leung, C.Y., Chow, M.K., Bissett, L.A., Wong, W.,  Guan, Y., Malik Peiris, J.S.,
2004. Vaccination of chickens against H5N1 avian influenza in the face of an
outbreak interrupts virus transmission. Avian Pathol. 33 (4), 405–412.

FAO, 2013. Understanding Avian Influenza, Chapter 3.1 H5N1 HPAI in
Domestic Ducks. In: Sims, L., Narrod, C. (Eds.), Agriculture Department,
Animal Production and Health Division, 〈http://www.fao.org/avianflu/
documents/key ai/key book ch3.htm〉.

Ferreira, H.L., Pirlot, J.F., Reynard, F., van den Berg, T., Bublot, M.,  Lambrecht, B.,
2012. Immune responses and protection against H5N1 highly pathogenic avian
influenza virus induced by the Newcastle disease virus H5 vaccine in ducks.
Avian Dis. 56 (4 Suppl), 940–948.

Ge, J., Deng, G., Wen, Z., Tian, G., Wang, Y., Shi, J., Wang, X., Li, Y., Hu, S., Jiang, Y.,
Yang, C., Yu, K., Bu, Z., Chen, H., 2007. Newcastle disease virus-based live attenu-
ated vaccine completely protects chickens and mice from lethal challenge of
homologous and heterologous H5N1 avian influenza viruses. J. Virol. 81 (1),
150–158.

Gilbert, M.,  Chaitaweesub, P., Parakamawongsa, T., Premashthira, S., Tiensin, T., Kal-
pravidh, W.,  Wagner, H., Slingenbergh, J., 2006. Free-grazing ducks and highly
pathogenic avian influenza, Thailand. Emerg. Infect. Dis. 12 (2), 227–234.

Grogan, K.B., Halvorson, D.A., Slemons, R.D., 2007. Avian Influenza Vaccines: Focus-
ing  on H5N1 High Pathogencity Avian Influenza (HPAI). Special publication no.
26.  Council for AgriculturalScience and Technology, Ames IA, pp. 18–19.

Guionie, O., Guillou-Cloarec, C., Courtois, D., Bougeard, B.S., Amelot, M.,  Jestin,
V.,  2010. Experimental infection of Muscovy ducks with highly pathogenic
avian influenza virus (H5N1) belonging to clade 2.2. Avian Dis. 54 (1 (Suppl)),
538–547.

Guo, Y.J., Krauss, S., Senne, D.A., Mo,  I.P., Lo, K.S., Xiong, X.P., Norwood, M.,  Shortridge,
K.F., Webster, R.G., Guan, Y., 2000. Characterization of the pathogenicity of mem-
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

bers of the newly established H9N2 influenza virus lineages in Asia. Virology 267
(2),  279–288.

Harder, T.C., Teuffert, J., Starick, E., Gethmann, J., Grund, C., Fereidouni, S., Durban, M.,
Bogner, K.H., Neubauer-Juric, A., Repper, R., Hlinak, A., Engelhardt, A., Nockler,
A., Smietanka, K., Minta, Z., Kramer, M.,  Globig, A., Mettenleiter, T.C., Conraths,

dx.doi.org/10.1016/j.virusres.2013.07.012
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0005
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0010
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0015
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0020
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0025
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0030
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9035
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0040
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0045
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0050
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0055
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0060
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0065
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0070
dx.doi.org/10.1155/2010/489213
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0080
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0085
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0090
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0095
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0100
http://www.fao.org/avianflu/documents/key_ai/key_book_ch3.htm
http://www.fao.org/avianflu/documents/key_ai/key_book_ch3.htm
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0110
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0115
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0120
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0130
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0135


 ING Model

V

z / Vir

H

H

H

H

J

K

K

K

L

L

L

L

L

L

M

M

M

O

P

P

P

P

P

P

ARTICLEIRUS-96034; No. of Pages 14

M.J. Pantin-Jackwood, D.L. Suare

F.J., Beer, M., 2009. Highly pathogenic avian influenza virus (H5N1) in frozen
duck carcasses, Germany, 2007. Emerg. Infect. Dis. 15 (2), 272–279.

enning, J., Henning, K.A., Long, N.T., Ha, N.T., Vu le, T., Meers v, J., 2013. Character-
istics of two duck farming systems in the Mekong Delta of Viet Nam: stationary
flocks and moving flocks, and their potential relevance to the spread of highly
pathogenic avian influenza. Trop. Anim. Health Prod. 45 (3), 837–848.

enning, J., Wibawa, H., Morton, J., Usman, T.B., Junaidi, A., Meers, J., 2010. Scaveng-
ing ducks and transmission of highly pathogenic avian influenza, Java, Indonesia.
Emerg. Infect. Dis. 16 (8), 1244–1250.

enning, K.A., Henning, J., Morton, J., Long, N.T., Ha, N.T., Meers, J., 2009. Farm-
and  flock-level risk factors associated with highly pathogenic avian influenza
outbreaks on small holder duck and chicken farms in the Mekong Delta of Viet
Nam. Prev. Vet. Med. 91 (2-4), 179–188.

ulse-Post, D.J., Sturm-Ramirez, K.M., Humberd, J., Seiler, P., Govorkova, E.A., Krauss,
S.,  Scholtissek, C., Puthavathana, P., Buranathai, C., Nguyen, T.D., Long, H.T.,
Naipospos, T.S., Chen, H., Ellis, T.M., Guan, Y., Peiris, J.S., Webster, R.G., 2005.
Role of domestic ducks in the propagation and biological evolution of highly
pathogenic H5N1 influenza viruses in Asia. PNAS 102 (30), 10682–10687.

ames, C.M., Foong, Y.Y., Mansfield, J.P., Vind, A.R., Fenwick, S.G., Ellis, T.M., 2008.
Evaluation of a positive marker of avian influenza vaccination in ducks for use
in  H5N1 surveillance. Vaccine 26 (42), 5345–5351.

eawcharoen, J., van Riel, D., van Amerongen, G., Bestebroer, T., Beyer, W.E., van
Lavieren, R., Osterhaus, A.D., Fouchier, R.A., Kuiken, T., 2008. Wild ducks as
long-distance vectors of highly pathogenic avian influenza virus (H5N1). Emerg.
Infect. Dis. 14 (4), 600–607.

im, J.K., Negovetich, N.J., Forrest, H.L., Webster, R.G., 2009. Ducks: the “Trojan
horses” of H5N1 influenza. Influenza Other Respir. Viruses 3 (4), 121–128.

im, J.K., Seiler, P., Forrest, H.L., Khalenkov, A.M., Franks, J., Kumar, M.,  Karesh, W.B.,
Gilbert, M.,  Sodnomdarjaa, R., Douangngeun, B., Govorkova, E.A., Webster, R.G.,
2008. Pathogenicity and vaccine efficacy of different clades of Asian H5N1 avian
influenza A viruses in domestic ducks. J. Virol. 82 (22), 11374–11382.

e, T., Doan, T.H., Quyen, D., Le, K.X., Pham, V., Nagataki, M., Nomura, H., Ikeue, Y.,
Watanabe, Y., Agatsuma, T., 2011. The adjuvant effect of Sophy beta-glucan to
the antibody response in poultry immunized by the avian influenza A H5N1 and
H5N2 vaccines. J. Microbiol. Biotechnol. 21 (4), 405–411.

ebarbenchon, C., Yang, M., Keeler, S.P., Ramakrishnan, M.A., Brown, J.D., Stallknecht,
D.E., Sreevatsan, S., 2011. Viral replication, persistence in water and genetic char-
acterization of two influenza A viruses isolated from surface lake water. PLoS One
6  (10), e26566.

i, K.S., Guan, Y., Wang, J., Smith, G.J., Xu, K.M., Duan, L., Rahardjo, A.P., Putha-
vathana, P., Buranathai, C., Nguyen, T.D., Estoepangestie, A.T., Chaisingh, A.,
Auewarakul, P., Long, H.T., Hanh, N.T., Webby, R.J., Poon, L.L., Chen, H., Shortridge,
K.F.,  Yuen, K.Y., Webster, R.G., Peiris, J.S., 2004. Genesis of a highly pathogenic and
potentially pandemic H5N1 influenza virus in eastern Asia. Nature 430 (6996),
209–213.

iu, C.G., Liu, M.,  Liu, F., Liu da, F., Zhang, Y., Pan, W.Q., Chen, H., Wan, C.H., Sun, E.C.,
Li,  H.T., Xiang, W.H., 2011a. Evaluation of several adjuvants in avian influenza
vaccine to chickens and ducks. Virol. J. 8, 321.

iu, J., Chen, P., Jiang, Y., Wu,  L., Zeng, X., Tian, G., Ge, J., Kawaoka, Y., Bu, Z., Chen, H.,
2011b. A duck enteritis virus-vectored bivalent live vaccine provides fast and
complete protection against H5N1 avian influenza virus infection in ducks. J.
Virol. 85 (21), 10989–10998.

ondt, B.Z., Nunez, A., Banks, J., Alexander, D.J., Russell, C., Richard-Londt, A.C., Brown,
I.H.,  2010. The effect of age on the pathogenesis of a highly pathogenic avian
influenza (HPAI) H5N1 virus in Pekin ducks (Anas platyrhynchos) infected exper-
imentally. Influenza Other Respir. Viruses 4 (1), 17–25.

agor, K.E., 2011. Immunoglobulin genetics and antibody responses to influenza in
ducks. Dev. Comp. Immunol. 35 (9), 1008–1016.

ase, M.,  Eto, M.,  Tanimura, N., Imai, K., Tsukamoto, K., Horimoto, T., Kawaoka,
Y.,  Yamaguchi, S., 2005. Isolation of a genotypically unique H5N1 influenza
virus from duck meat imported into Japan from China. Virology 339 (1),
101–109.

iddleton, D., Bingham, J., Selleck, P., Lowther, S., Gleeson, L., Lehrbach, P., Robinson,
S.,  Rodenberg, J., Kumar, M.,  Andrew, M., 2007. Efficacy of inactivated vaccines
against H5N1 avian influenza infection in ducks. Virology 359 (1), 66–71.

IE, 2012. Avian Influenza, Manual for Diagnostic Tests and Vaccines for Terrestrial
Animals, chapter 2.3.4. 〈http://www.oie.int/international-standard-setting/
terrestrial-manual/access-online/〉.

antin-Jackwood, M.J., Smith, D.M., Wasilenko, J.L., Cagle, C., Shepherd, E., Sarmento,
L., Kapczynski, D.R., Afonso, C.L., 2012. Effect of age on the pathogenesis and
innate immune responses in Pekin ducks infected with different H5N1 highly
pathogenic avian influenza viruses. Virus Res. 167 (2), 196–206.

antin-Jackwood, M.J., Suarez, D.L., Spackman, E., Swayne, D.E., 2007. Age at infec-
tion affects the pathogenicity of Asian highly pathogenic avian influenza H5N1
viruses in ducks. Virus Res. 130 (1-2), 151–161.

antin-Jackwood, M.J., Swayne, D.E., 2007. Pathobiology of Asian highly pathogenic
avian influenza H5N1 virus infections in ducks. Avian Dis. 51 (1(Suppl)),
250–259.

antin-Jackwood, M.J., Swayne, D.E., 2009. Pathogenesis and pathobiology of avian
influenza virus infection in birds. Rev. Sci. Technol. 28 (1), 113–136.

antin-Jackwood, M.,  Swayne, D.E., Smith, D., Shepherd, E., 2013. Effect of species,
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013), http://dx.doi.org/10.1016/j.virusres.2013.07.012

breed and route of virus inoculation on the pathogenicity of H5N1 highly
pathogenic influenza (HPAI) viruses in domestic ducks. Veterinary Research 44
(1),  62.

eiris, J.S., de Jong, M.D., Guan, Y., 2007. Avian influenza virus (H5N1): a threat to
human health. Clin. Microbiol. Rev. 20 (2), 243–267.
 PRESS
us Research xxx (2013) xxx– xxx 13

Perkins, L.E., Swayne, D.E., 2002. Pathogenicity of a Hong Kong-origin H5N1 highly
pathogenic avian influenza virus for emus, geese, ducks, and pigeons. Avian Dis.
46  (1), 53–63.

Peyre, M.,  Fusheng, G., Desvaux, S., Roger, F., 2009. Avian influenza vaccines: a prac-
tical review in relation to their application in the field with a focus on the Asian
experience. Epidemiol. Infect. 137 (1), 1–21.

Pfeiffer, J., Pantin-Jackwood, M.,  To, T.L., Nguyen, T., Suarez, D.L., 2009. Phy-
logenetic and biological characterization of highly pathogenic H5N1 avian
influenza viruses (Vietnam 2005) in chickens and ducks. Virus Res. 142 (1-2),
108–120.

Pfeiffer, J., Suarez, D.L., Sarmento, L., To, T.L., Nguyen, T., Pantin-Jackwood, M.J., 2010.
Efficacy of commercial vaccines in protecting chickens and ducks against H5N1
highly pathogenic avian influenza viruses from Vietnam. Avian Dis. 54 (1 Suppl),
262–271.

Phuong do, Q., Dung, N.T., Jorgensen, P.H., Handberg, K.J., Vinh, N.T., Christensen,
J.P., 2011. Susceptibility of Muscovy (Cairina moschata) and mallard ducks (Anas
platyrhynchos)  to experimental infections by different genotypes of H5N1 avian
influenza viruses. Vet. Microbiol. 148 (2-4), 168–174.

Qian, C., Chen, S., Ding, P., Chai, M.,  Xu, C., Gan, J., Peng, D., Liu, X., 2012. The immune
response of a recombinant fowlpox virus coexpressing the HA gene of the H5N1
highly pathogenic avian influenza virus and chicken interleukin 6 gene in ducks.
Vaccine.

Rudolf, M.,  Poppel, M.,  Frohlich, A., Mettenleiter, T., Beer, M.,  Harder, T., 2009. Effi-
cacy of a commercial inactivated H5 influenza vaccine against highly pathogenic
avian influenza H5N1 in waterfowl evaluated under field conditions. Rev. Sci.
Technol. 28 (1), 275–291.

Savill, N.J., St Rose, S.G., Keeling, M.J., Woolhouse, M.E., 2006. Silent spread of H5N1
in vaccinated poultry. Nature 442 (7104), 757.

Shortridge, K.F., Zhou, N.N., Guan, Y., Gao, P., Ito, T., Kawaoka, Y., Kodihalli, S., Krauss,
S.,  Markwell, D., Murti, K.G., Norwood, M.,  Senne, D., Sims, L., Takada, A., Webster,
R.G., 1998. Characterization of avian H5N1 influenza viruses from poultry in
Hong Kong. Virology 252 (2), 331–342.

Sims, L., 2012. Progress in control of H5N1 HPAI and the future of eradication. Avian
Dis.  56 (4 Suppl), 829–835.

Smith, D.J., Lapedes, A.S., de Jong, J.C., Bestebroer, T.M., Rimmelzwaan, G.F., Oster-
haus, A.D., Fouchier, R.A., 2004. Mapping the antigenic and genetic evolution of
influenza virus. Science 305 (5682), 371–376.

Soares Magalhaes, R.J., Pfeiffer, D.U., Otte, J., 2010. Evaluating the control of HPAIV
H5N1 in Vietnam: virus transmission within infected flocks reported before and
after vaccination. BMC  Vet. Res. 6, 31.

Songserm, T., Jam-on, R., Sae-Heng, N., Meemak, N., Hulse-Post, D.J., Sturm-Ramirez,
K.M., Webster, R.G., 2006. Domestic ducks and H5N1 influenza epidemic,
Thailand. Emerg. Infect. Dis. 12 (4), 575–581.

Spackman, E., Gelb Jr., J., Preskenis, L.A., Ladman, B.S., Pope, C.R., Pantin-Jackwood,
M.J., McKinley, E.T., 2010. The pathogenesis of low pathogenicity H7 avian
influenza viruses in chickens, ducks and turkeys. Virol. J. 7, 331.

Spackman, E., Swayne, D.E., 2013. Vaccination of gallinaceous poultry for H5N1
highly pathogenic avian influenza: current questions and new technology. Virus
Res., in press.

Stallknecht, D., Brown, J.D., 2008. Ecology of avian influenza in wild birds. In: Swayne,
D.E. (Ed.), Avian Influenza. Blackwell, Ames, IA, pp. 43–58.

Stallknecht, D.E., Kearney, M.T., Shane, S.M., Zwank, P.J., 1990a. Effects of pH, tem-
perature, and salinity on persistence of avian influenza viruses in water. Avian
Dis. 34 (2), 412–418.

Stallknecht, D.E., Shane, S.M., Kearney, M.T., Zwank, P.J., 1990b. Persistence of avian
influenza viruses in water. Avian Dis. 34 (2), 406–411.

Steensels, M., Bublot, M.,  Van Borm, S., De Vriese, J., Lambrecht, B., Richard-Mazet,
A.,  Chanavat-Bizzini, S., Duboeuf, M.,  Le Gros, F.X., van den Berg, T., 2009. Prime-
boost vaccination with a fowlpox vector and an inactivated avian influenza
vaccine is highly immunogenic in Pekin ducks challenged with Asian H5N1 HPAI.
Vaccine 27 (5), 646–654.

Steensels, M.,  Van Borm, S., Lambrecht, B., De Vriese, J., Le Gros, F.X., Bublot, M.,  van
den Berg, T., 2007. Efficacy of an inactivated and a fowlpox-vectored vaccine in
Muscovy ducks against an Asian H5N1 highly pathogenic avian influenza viral
challenge. Avian Dis. 51 (1 Suppl), 325–331.

Sturm-Ramirez, K.M., Hulse-Post, D.J., Govorkova, E.A., Humberd, J., Seiler, P., Putha-
vathana, P., Buranathai, C., Nguyen, T.D., Chaisingh, A., Long, H.T., Naipospos,
T.S., Chen, H., Ellis, T.M., Guan, Y., Peiris, J.S., Webster, R.G., 2005. Are ducks con-
tributing to the endemicity of highly pathogenic H5N1 influenza virus in Asia?
J.  Virol. 79 (17), 11269–11279.

Suarez, D.L., 2005. Overview of avian influenza DIVA test strategies. Biologicals 33
(4),  221–226.

Suarez, D.L., 2010. Avian influenza: our current understanding. Anim. Health Res.
Rev.  11 (1), 19–33.

Suarez, D.L., 2012. A review of DIVA vaccination strategies for avian influenza virus.
Avian Dis. 56 (4 Suppl), 836–844.

Suarez, D.L., Schultz-Cherry, S., 2000. Immunology of avian influenza virus: a review.
Dev.  Comp. Immunol. 24 (2-3), 269–283.

Swayne, D.E., 2003. Vaccines for List A poultry diseases: emphasis on avian influenza.
Dev. Biol. (Basel) 114, 201–212.

Swayne, D.E., 2006. Principles for vaccine protection in chickens and domestic
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

waterfowl against avian influenza: emphasis on Asian H5N1 high pathogenicity
avian influenza. Ann. N.Y. Acad. Sci. 1081, 174–181.

Swayne, D.E., Halvorson, D.A., 2008. Influenza. In: Saif, Y.M., Glisson, J.R., Fadly, A.M.,
McDougald, L.R., Nolan, L. (Eds.), Diseases of Poultry. , 12th ed. Blackwell, Ames,
IA.

dx.doi.org/10.1016/j.virusres.2013.07.012
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0140
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0145
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0150
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0155
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0160
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0165
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0170
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0175
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0180
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0185
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0190
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0195
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0200
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0205
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0210
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0215
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0220
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0225
http://www.oie.int/international-standard-setting/terrestrial-manual/access-online/
http://www.oie.int/international-standard-setting/terrestrial-manual/access-online/
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0235
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0240
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0245
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0250
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0255
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref9260
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0265
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0270
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0275
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0280
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0285
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0290
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0295
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0300
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0305
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0310
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0315
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0320
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0325
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0330
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0335
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0340
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0345
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0350
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0355
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0360
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0365
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0370
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0375
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0380
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0385
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0390
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0395


 ING Model

V

1 z / Vir

S

S

S

S

S

S

T

ARTICLEIRUS-96034; No. of Pages 14

4 M.J. Pantin-Jackwood, D.L. Suare

wayne, D.E., Beck, J.R., 2005. Experimental study to determine if low-pathogenicity
and  high-pathogenicity avian influenza viruses can be present in chicken
breast and thigh meat following intranasal virus inoculation. Avian Dis. 49 (1),
81–85.

wayne, D.E., Beck, J.R., Perdue, M.L., Beard, C.W., 2001. Efficacy of vaccines in chick-
ens against highly pathogenic Hong Kong H5N1 avian influenza. Avian Dis. 45
(2), 355–365.

wayne, D.E., Garcia, M.,  Beck, J.R., Kinney, N., Suarez, D.L., 2000. Protection against
diverse highly pathogenic H5 avian influenza viruses in chickens immunized
with a recombinant fowlpox vaccine containing an H5 avian influenza hemag-
glutinin gene insert. Vaccine 18 (11-12), 1088–1095.

wayne, D.E., Lee, C.W., Spackman, E., 2006. Inactivated North American
and European H5N2 avian influenza virus vaccines protect chickens from
Asian H5N1 high pathogenicity avian influenza virus. Avian Pathol. 35 (2),
141–146.

wayne, D.E., Pavade, G., Hamilton, K., Vallat, B., Miyagishima, K., 2011. Assessment
of  national strategies for control of high-pathogenicity avian influenza and low-
pathogenicity notifiable avian influenza in poultry, with emphasis on vaccines
and vaccination. Rev. Sci. Technol. 30 (3), 839–870.

wayne D.E., Kapzcynski, D.R., 2008. Vaccines, vaccination, and immunology for
avian influenza viruses in poultry. In: Swayne, D.E. (Ed.), Avian Influenza. Black-
Please cite this article in press as: Pantin-Jackwood, M.J., Suarez, D.L., Vac
(2013),  http://dx.doi.org/10.1016/j.virusres.2013.07.012

well Publishing, Ames, IA, pp. 407–451.
ang, Y., Wu,  P., Peng, D., Wang, X., Wan, H., Zhang, P., Long, J., Zhang, W.,  Li, Y., Wang,

W.,  Zhang, X., Liu, X., 2009. Characterization of duck H5N1 influenza viruses with
differing pathogenicity in mallard (Anas platyrhynchos) ducks. Avian Pathol. 38
(6),  457–467.
 PRESS
us Research xxx (2013) xxx– xxx

Tian, G., Zhang, S., Li, Y., Bu, Z., Liu, P., Zhou, J., Li, C., Shi, J., Yu, K., Chen, H., 2005.
Protective efficacy in chickens, geese and ducks of an H5N1-inactivated vaccine
developed by reverse genetics. Virology 341 (1), 153–162.

Tumpey, T.M., Suarez, D.L., Perkins, L.E., Senne, D.A., Lee, J.G., Lee, Y.J., Mo,  I.P., Sung,
H.W., Swayne, D.E., 2002. Characterization of a highly pathogenic H5N1 avian
influenza A virus isolated from duck meat. J. Virol. 76 (12), 6344–6355.

van der Goot, J.A., van Boven, M.,  de Jong, M.C., Koch, G., 2007. Effect of vaccination
on  transmission of HPAI H5N1: the effect of a single vaccination dose on trans-
mission of highly pathogenic avian influenza H5N1 in Peking ducks. Avian Dis.
51  (1 Suppl), 323–324.

van der Goot, J.A., van Boven, M.,  Stegeman, A., van de Water, S.G., de Jong, M.C.,
Koch, G., 2008. Transmission of highly pathogenic avian influenza H5N1 virus
in  Pekin ducks is significantly reduced by a genetically distant H5N2 vaccine.
Virology 382 (1), 91–97.

Webster, R.G., 2004. Wet  markets—a continuing source of severe acute respiratory
syndrome and influenza? Lancet 363 (9404), 234–236.

Webster, R.G., Bean, W.J., Gorman, O.T., Chambers, T.M., Kawaoka, Y., 1992. Evolution
and ecology of influenza A viruses. Microbiol. Rev. 56 (1), 152–179.

Webster, R.G., Webby, R.J., Hoffmann, E., Rodenberg, J., Kumar, M.,  Chu, H.J., Seiler,
P.,  Krauss, S., Songserm, T., 2006. The immunogenicity and efficacy against H5N1
challenge of reverse genetics-derived H5N3 influenza vaccine in ducks and
cination of domestic ducks against H5N1 HPAI: A review. Virus Res.

chickens. Virology 351 (2), 303–311.
Yao, Q., Fischer, K.P., Li, L., Agrawal, B., Berhane, Y., Tyrrell, D.L., Gutfreund, K.S.,

Pasick, J., 2010. Immunogenicity and protective efficacy of a DNA vaccine encod-
ing a chimeric protein of avian influenza hemagglutinin subtype H5 fused to
CD154 (CD40L) in Pekin ducks. Vaccine 28 (51), 8147–8156.

dx.doi.org/10.1016/j.virusres.2013.07.012
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0400
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0405
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0410
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0415
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0420
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0425
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0430
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0435
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0440
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0445
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0450
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0455
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0460
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0465
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470
http://refhub.elsevier.com/S0168-1702(13)00234-7/sbref0470

	Vaccination of domestic ducks against H5N1 HPAI: A review
	1 Background on control of H5N1 HPAI in domestic ducks
	2 Use of vaccination to control H5N1 HPAI in domestic ducks
	2.1 Determining vaccine efficacy in ducks
	2.2 Evaluation of vaccine performance in the field
	2.2.1 Post-vaccination surveillance
	2.2.2 Vaccine effectiveness: Quality of protection and vaccination programs
	2.2.3 Duration of immunity in vaccinated ducks
	2.2.4 Virus recovery from tissues of vaccinated-challenged ducks

	2.3 Experimental studies evaluating vaccine efficacy in ducks
	2.3.1 Types of vaccines and vaccination protocols
	2.3.2 Effect of species or breed of ducks in response to H5N1 HPAI vaccination
	2.3.3 Effect of vaccination schedules
	2.3.4 Role of homology between vaccine and challenge virus
	2.3.5 Novel vaccines, vaccine adjuvants, and vaccine markers


	3 Conclusions
	References


